Objectives: Metabolic syndrome (MetS) has been shown to be independently associated with increased risk for incident heart failure and coronary artery disease. We investigated whether there was deterioration in right ventricular functions in MetS patients with preserved left ventricular functions and its association with the number of MetS components. Study design: The study included 192 consecutive patients (148 women, 44 men; mean age 54.3±8.5 years) with the diagnosis of MetS based on the NCEP-ATP III criteria and 20 healthy controls (12 women, 8 men; mean age 51.6±8.4 years). All subjects underwent conventional and tissue Doppler (TDI) echocardiography to assess left and right ventricular functions, including right ventricular myocardial performance index (MPI) and tricuspid annular plane systolic excursion (TAPSE). Results: The number of MetS components were three in 43.8%, four in 31.3%, and five in 25% of the patients. Right ventricular TDI-derived MPI was higher in patients with MetS compared to controls [median 0.5 (range 0.2-3.3) vs. 0.3 (0.1-0.7), p=0.000]. This was possibly due to significantly shortened right ventricular ejection time in MetS patients (p<0.05). Although TAPSE was within the normal range in MetS patients, it was significantly decreased compared to controls (p=0.000), accompanied by significantly lower TDI-derived S wave, E wave, and E/A ratio (p=0.000). None of the MetS components were significantly correlated with right ventricular TDI-derived MPI. There was no association between the number of MetS components and echocardiographic parameters. Conclusion: Our findings show that, despite preserved left ventricular systolic functions, both systolic and diastolic functions of the right ventricle deteriorate in MetS patients.
M
etabolic syndrome, also called insulin resistance syndrome, consists of a clustering of several metabolic and physiological risk factors, including obesity and its central distribution, impaired glucose regulation, dyslipidemia (elevated triglycerides and/or low HDL cholesterol), and hypertension. It has received great attention after being understood that it carries increased risk for development of type 2 diabetes mellitus and atherosclerotic cardiovascular disease. Studies have demonstrated that MetS is also associated with left ventricular hypertrophy, LV diastolic and myocardial dysfunction. [1] Voulgari et al. [2] found that MetS patients have higher LV myocardial performance index, i.e., Tei index, values compared to normal subjects, indicating depressed ventricular functions. Another recent study demonstrated that MetS predicted congestive heart failure independent of interim myocardial infarction and prevalent diabetes in elderly Finns during a follow-up of 20 years. [3] The Tei Index (a combined MPI) has become a valuable echocardiographic index for the assessment of global systolic and diastolic function. [4] An increased Tei index is a strong predictor of mortality and morbidity in patients with dilated cardiomyopathy, cardiac amyloidosis, acute myocardial infarction, congenital heart disease, and primary pulmonary hypertension. [5] [6] [7] [8] [9] [10] [11] [12] Many studies have shown that the Tei index is also a powerful indicator of right ventricular functions. Pulsed-wave Doppler-derived Tei index has been shown to provide reliable information on detecting RV functions. [9, 13] Tissue Doppler-derived Tei index has also been found to correlate well with pulsed-wave Doppler measurements. [14, 15] Even in fetuses, RV TDI-derived Tei index correlated well with pulsed-wave Doppler. [16] Chronic obstructive pulmonary disease, idiopathic pulmonary fibrosis, congenital heart disease, pulmonary hypertension, obstructive sleep apnea syndrome, and pulmonary embolism are some of the diseases that have been shown to be associated with increased MPI of the RV. [17] [18] [19] Right ventricular MPI is not only a powerful diagnostic tool, but also a valuable index for predicting prognosis.
Although there are many studies demonstrating decreased LV diastolic functions in MetS, there is only one study investigating RV functions in this patient group. [20] Tadic et al. [20] demonstrated that RV global functions were impaired in MetS patients and this impairment was related to MetS components.
In this study, we investigated whether there was deterioration in RV functions in MetS patients with preserved LV functions and the association of this impairment with the number of MetS components.
The study included 192 consecutive patients (148 women, 44 men; mean age 54.3±8.5 years) with MetS. A control group of 20 healthy volunteers (12 women, 8 men; mean age 51.6±8.4 years) were enrolled into the study for comparison. Healthy volunteers were chosen from those who presented to the internal medicine outpatient clinic with varying complaints, but were found to be disease free. The diagnosis of MetS was based on the NCEP-ATP III guidelines as presence of at least three of the five following criteria: abdominal obesity (waist circumference >102 cm in men, >88 cm in women); hypertriglyceridemia (>150 mg/dl); low HDL cholesterol level (<40 mg/dl in men, <50 mg/dl in women); high blood pressure (>130/85 mmHg); and high fasting glucose (>110 mg/dl). [21] Exclusion criteria were defined as the presence of any of the following: atrial fibrillation or flutter, bundle branch block or any other intraventricular conduction delay; recent major surgical procedure in the past month; acute coronary syndromes; malignancies; pulmonary emboli; chronic obstructive pulmonary disease, asthma, or other pulmonary diseases; renal failure; history of previous myocardial infarction or coronary artery bypass graft operation, stroke, heart failure, or angina; congenital, pericardial, or severe valvular heart disease; LV ejection fraction <55%; LV wall motion abnormality; pregnancy; thyroid disorders; and inflammatory diseases such as infections and autoimmune disorders.
The study was approved by the institutional ethics committee and written informed consent was obtained from all participants before the study.
Blood sampling protocol
Peripheral venous blood samples were obtained following an overnight fasting period. measured on P800 Roche Hitachi and Olympus AU 5200 automated analyzers. Low-density lipoprotein cholesterol was calculated using the Friedewald formula. Complete blood counts were performed on a Roche Sysmex SE-9000 automated analyzer. Plasma insulin levels were measured using a commercial human insulin ELISA kit (Linco Research, MO, USA) following the protocol suggested by the manufacturer. The HOMA (Homeostatic Model Assessment) index was calculated as the product of the fasting plasma insulin level (microU/ml) and the fasting plasma glucose level (mmol/l), divided by 22.5.
Echocardiographic measurements
All patients underwent conventional echocardiography using a GE Vivid 3 (Isreal) echocardiography device. Echocardiographic measurements were performed according to the recommendations of the American Society of Echocardiography. [22] Left ventricular volumes and ejection fraction were obtained by the modified biplane Simpson's method. Left atrial, LV end-diastolic and end-systolic dimensions, interventricular septal thickness, and LV end-diastolic posterior wall thickness were measured from the parasternal long-axis view. From the apical 4-chamber view, mitral inflow E and A velocities were measured and then the TDI cursor was placed on the lateral wall of the LV, 1 cm apical to the mitral annulus. From TDI of the LV lateral annulus, systolic velocity (Sa), early diastolic velocity (Ea), and late diastolic velocity (Aa) were recorded. Left ventricular diastolic functions were graded.
For the assessment of RV functions, the TDI cursor was placed on the RV free wall, 1 cm apical to the tricuspid annulus from the apical 4-chamber view and Sa, Ea, and Aa were recorded. The pulsewave Doppler velocity range was -20 to 20 cm/sec. On the TDI images, ejection time (Sa duration), isovolumetric relaxation time (time between the end of Sa and the beginning of Ea), and isovolumetric contraction time (time between the end of Aa and the beginning of Sa) were measured. Right ventricular Tei index was calculated as shown in Fig 1. Mean pulmonary artery pressure was calculated using the Mahan method from RV acceleration time. [23] Tricuspid annular plane systolic excursion was measured by two-dimensional echocardiography-guided M-mode recordings from the apical 4-chamber view with the cursor placed at the free wall of the tricuspid annulus as previously described. [24] Care was taken to align the sample volume as vertical as possible with respect to the cardiac apex. Angle correction and respiratory gating were not used. Maximal TAPSE was determined by the total excursion of the tricuspid annulus from its highest position after atrial ascent to the lowest point of descent during ventricular systole. Left ventricular mass index was calculated using the Devereux's formula. [25] Left ventricular hypertrophy was defined as LV mass index >134 g/m 2 in men and >110 g/m 2 in women. The mean LV ejection fraction was 68.4% (range 58%-77%) in the MetS group. Diastolic function was normal in 62 patients (32.3%) and abnormal in 130 patients (67.7%) (grade 1 in 64.1% and grade 2 in 3.6%). Diastolic dysfunction was more frequently seen in MetS patients both in mitral inflow and mitral annular examination.
Statistical analysis
In the comparison of RV function, RV TDI-derived MPI was higher in patients with MetS compared to controls (Table 1) , which was possibly due to shortening of RV ejection time (TDI-derived time) in MetS patients, because TDI-derived time was similar in the two groups. Although TAPSE value was within the normal range in MetS patients, it was relatively decreased compared to normal subjects, accompanied by lower TDI-derived S wave, E wave amplitudes and E/A ratio. The mean pulmonary artery pressure was higher in MetS patients than the control group (27.0±10.8 17.5±3.7 mmHg, p=0.000) ( Table 1) .
The results of correlation analysis are shown in Table 2 . Right ventricular TDI-derived MPI was positively correlated with LV IVRT, RV TDI-derived a time, LV TDI-derived MPI, and inversely correlated with LA diameter, mitral inflow E wave, LV EF, RV TDI-derived E and S waves, b time, and TAPSE ( Table 2 ). There was no correlation between RV TDIderived MPI and LV mass index. None of the MetS components were significantly correlated with RV TDI-derived MPI. There was no association between the number of MetS components and echocardiographic parameters.
Many studies on the effect of MetS on cardiovascular system have demonstrated its detrimental effects for coronary heart disease and heart failure. [26] In a 20-year follow-up study of 1,032 Finns, in which subjects with interim myocardial infarction during the follow-up and with prevalent diabetes were excluded, MetS was significantly associated with a 1.37-1.87-fold risk for incident heart failure after adjustment for confounding factors. [3] Metabolic syndrome was found to be associated with LV hypertrophy, increased LV dimension, relative wall thickness, left atrial diameter, lower ejection fraction, mid wall shortening and mitral E/A ratio after controlling for confounders. [27, 28] In another study, it was demonstrated that TDI-derived septal E wave velocity and global E wave velocity were significantly lower in both MetS and pre-MetS subjects compared to controls. [29] The prevalence of diastolic dysfunction was reported to be 35% in patients with MetS, which accounted for approximately four-fold increased risk compared to normal participants. [29] Turhan et al. [30] demonstrated that not only diastolic functional parameters, but also MPI, an index of global ventricular function, were worsened in patients with MetS compared with control subjects. As the myocardial function deteriorates, ejection time shortens and IVRT and IVCT lengthens, leading to an increased Tei index. Rivas-Gotz et al. [31] reported that shortened ejection time and lengthened IVCT reflected systolic dysfunction, whereas lengthened IVRT reflected diastolic dysfunction. Our study confirms these findings, where we also observed a significantly decreased Tei index in the MetS group. This significant association with both systolic and diastolic TDI parameters suggests that both systolic and diastolic functions worsen simultaneously in patients with MetS, before it is manifest in global systolic functional parameters like ejection fraction.
Studies have demonstrated that RV TDI-derived Tei index is a simple and valuable method of assessing RV global function. [32] [33] [34] Right ventricular TDI measurements are used to diagnose many diseases and predict prognosis. [17] [18] [19] Among these, TAPSE has received significant attention in the past years as an easily measured index for RV functions. It has been reported that TAPSE <2 cm denotes RV dysfunction of varying degrees. Miller et al. [33] demonstrated that a TAPSE value below 1.5 cm predicted RV EF to be less than 50% with 60% sensitivity and 95% specificity. Right ventricular TDI-derived E wave and E/A ratio were found to be valuable indices for evaluating RV diastolic functions. [35] [36] [37] [38] [39] [40] [41] [42] In addition, TDI-derived S wave is a good indicator of global RV systolic function. Miller et al. [33] showed that a TDI-derived S wave below 10 cm/sec predicted RV EF to be less than 50% with 59% sensitivity, 92% specificity, and 89% negative predictive value.
The first study on RV functions in MetS patients was reported by Tadic et al., [20] in which MetS was found to be related to RV dysfunction, caused by RV hypertrophy, increased right atrial volume and RV Tei index. In our study, RV TDI-derived MPI was significantly increased in MetS patients compared to normal subjects. Also TAPSE, RV TDI-derived S and E waves, time, and E/A ratio were lower in MetS patients. One of the main findings of this study is that, although it remained within normal limits, TAPSE was significantly lower in MetS patients compared to controls. This may point out to occult RV dysfunction. Both MPI and TAPSE showed significant correlations with morphological and functional parameters of the left heart.
In contrast to the findings of Tadic et al., [20] we did not find significant associations between MetS components and echocardiographic parameters, except for weak correlations between triglycerides, HDL cholesterol and TAPSE.
In the light of these findings, both systolic and diastolic functions of RV deteriorate in MetS patients even though LV systolic functions are still preserved.
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